Objective. Pain affects millions of American adults. However, individuals from socioeconomically disadvantaged groups experience higher rates of pain, and individuals from racial/ethnic minorities report greater pain severity and pain-related disability. Some studies find an association between neighborhood socioeconomic status and pain. The present study aimed to further understand the association between neighborhood disadvantage and pain, including the role of objective (e.g., crime rates) and subjective neighborhood characteristics (e.g., perceived safety, neighborhood satisfaction), and to examine sleep and psychological distress as potential mediators of these associations.
Introduction
Pain is a common experience for American adults. Recent estimates indicate that more than 126 million V C 2018 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com adults report experiencing some pain in the last three months, with 11% of adults experiencing daily pain [1] . However, not all groups are equally affected. For example, individuals who experience socioeconomic strain experience higher rates of pain [2, 3] . In addition, there are racial/ethnic disparities in pain. When compared with their white peers, racial/ethnic minorities report greater pain severity and pain-related disability [4] [5] [6] . In contrast, health care providers underestimate the pain severity of Hispanic/Latino and African American patients [7] and are more conservative in their treatment of pain in minority patients [8] [9] [10] .
To some degree, these socioeconomic and racial/ethnic differences may be explained by factors like patient beliefs, coping strategies, and differences in pain tolerance [5, [11] [12] [13] . However, social and environmental factors may also contribute to disparities in pain experienced by African Americans and other racial/ethnic minority groups. These factors include reduced access to care and exposure to substandard living conditions [5] , discriminatory practices in health care, and differences in treatment practices across racial/ethnic groups [5] , as well as increased exposure to psychosocial stress [14] , which can exacerbate pain [15, 16] . Accordingly, researchers have highlighted the need to better understand the impact of neighborhood resources on pain [5] .
A handful of recent studies have examined the association between neighborhood disadvantage and pain, focusing on neighborhood socioeconomic status as a metric of disadvantage. These studies provide support for an impact of neighborhood disadvantage beyond the effect of individual socioeconomic (SES) [14] and further suggest that low neighborhood SES may help to explain the association between race and pain. For example, studies have found that neighborhood SES accounts for the association between black race and sensory pain and pain disability [17, 18] . A small number of studies have used other metrics of neighborhood disadvantage and found similar results; one such study used a measure of neighborhood material deprivation based on the Carstairs deprivation index [19] , which includes factors such as proportion of residents living in overcrowded housing.
The mechanisms by which neighborhood disadvantage contributes to pain remain uncertain. Psychological factors, including stress, may play a role [14] . This hypothesis is supported by Davies and colleagues [20] , who found that after controlling for health and behavioral factors (e.g., somatic symptoms, sleep disturbance), the effect of neighborhood SES on pain became nonsignificant. Similarly, Ross and Mirowsky [21] hypothesized that neighborhood disadvantage contributes to neighborhood disorder, which not only contributes to fear, but also may reduce outdoor physical activity, thereby contributing to the experience of pain. However, the empirical literature examining these hypotheses is limited.
The present study addressed this gap by examining two potential mediators of the association between neighborhood characteristics and pain in a high-risk sample of predominantly African American, low-income participants. The first proposed mediator was sleep. Neighborhood disadvantage is associated with reduced sleep quality and more sleep problems after adjusting for individual SES [22] [23] [24] [25] [26] [27] [28] , and sleep problems are known to have a reciprocal relationship with pain [29] . The second proposed mediator was psychological distress. Neighborhood disorder and disadvantage are associated with higher rates of acute stressors, trauma, and anxiety symptoms [30] [31] [32] [33] [34] . In turn, psychological distress plays a key role in individuals' experiences of pain, as individuals with heightened levels of distress rate pain as more severe [35, 36] .
We examined (a) the association between neighborhood characteristics and pain and (b) sleep and psychological distress as potential mechanisms of this association. This study is unique in that it explores six specific measures of neighborhood disadvantage, rather than focusing on a metric such as neighborhood SES. We examined both objective (e.g., via observer-coded street segment audits and City of Pittsburgh crime data) and subjective (e.g., perceived safety) neighborhood characteristics. We focused on an at-risk community sample and used objectively measured sleep data (based on actigraphy data), furthering the novel contribution of this study. We hypothesized that both objective and subjective neighborhood characteristics would be significantly associated with pain and that sleep and psychological distress would mediate these relationships.
Methods
This study analyzed data from the Pittsburgh Hill/ Homewood Research on Neighborhoods, Sleep, and Health (PHRESH Zzz) Study, which is part of a series of studies investigating the association between the built and social neighborhood environments, health behaviors, and health outcomes in two disadvantaged neighborhoods in Pittsburgh, Pennsylvania. According to census data, 32%-35% of families in these neighborhoods are below the poverty level, and the median household income is less than $22,000 within each of the neighborhoods, based on 2005-2009 American Community Survey estimates [37] . Households were randomly selected from these neighborhoods, in which more than 90% of residents are African American [38] . All participants provided informed consent for participation in this study. This study was approved by the RAND Institutional Review Board.
Recruitment and Sample
Data collection for this series of studies began in 2011. A random sample of households was selected from a complete list of addresses. Our sampling approach, recruitment, and eligibility have been described in detail elsewhere [39, 40] . Briefly, we used a parcel-level property information system managed by the University of Pittsburgh Center for Social and Urban Research to Neighborhood Disadvantage and Pain sample nonvacant residences. From eligible households who were interested in participating, a single participant was enrolled into the original study. The present analyses are based on cross-sectional data from the second data collection wave, which took place in 2013, as this is when the pain variable was collected. Complete data on most primary variables of interest were available for 820 participants. The mean age of participants (SD) was 55.6 (16.2) years, and the majority of participants were female (77%) and black (93%). The mean household income, adjusted for total household members, was $13,085 (SD ¼ $13,030 range ¼ $227-87,500), reflecting the socioeconomic disadvantage of the population. Descriptive characteristics are summarized in Table 1 .
Measures

Predictor Measures
Subjective Neighborhood Characteristics. We examined four subjective neighborhood characteristics. Perceived infrastructure was assessed with five items adapted from the Infrastructure scale of the Neighborhood Environment Walkability Scale-Abbreviated version (NEWS-A) [41] . Participants rated each aspect of neighborhood infrastructure on a five-point scale (e.g., "There are sidewalks on most of the streets in your neighborhood," "There is a grass/dirt strip that separates the streets from the sidewalks in my neighborhood"), with responses ranging from strongly disagree to strongly agree (alpha ¼ 0.63).
Neighborhood social cohesion was measured using a validated five-item scale assessing the level of perceived neighborhood interconnectedness, trust, and shared values (e.g., "People in this neighborhood can be trusted") [42] . Participants indicate the extent to which they agree with each statement using a five-point scale, with response options ranging from strongly agree to strongly disagree [42] . This measure has been demonstrated to have good internal consistency [43, 44] , including in the present sample (alpha ¼ 0.84).
Perceived safety was measured with a four-item measure (e.g., "You feel safe walking in your neighborhood during the day," "Violence is a problem in your neighborhood"). Similar versions of neighborhood safety have been used in other studies [45] . Responses were made on a five-point scale, with options ranging from strongly agree to strongly disagree. This measure previously been shown to have acceptable to good internal consistency in previous studies [43, 44] and in the current sample (alpha ¼ 0.71).
Neighborhood satisfaction was assessed with a single question asking, "All things considered, would you say you are very satisfied, satisfied, dissatisfied, very dissatisfied or neutral-neither satisfied nor dissatisfied with your neighborhood as a place to live?" This item has been previously used in large longitudinal neighborhood surveys [46] , including previous analyses based on the current longitudinal study [39, 47] .
Objective Neighborhood Characteristics. We used two objectively measured neighborhood characteristics.
Walkability Score. A neighborhood walkability score was derived from neighborhood audit data conducted on randomly selected street segments (i.e., both sides of a street between two cross-streets) [48] . Trained data collectors walked the length of each segment and completed the audit, based on the Bridging the Gap Street Segment Tool [49, 50] . The walkability score is based on 22 items including traffic signs at the intersection, pedestrian crossings, sidewalks, lighting, transit, and mixed use. Scores on each item are summed and averaged across street segments [49] , with higher scores indicating greater walkability. A total of 25% of street segments within one-fourth of a mile of participants' residence were audited [51] . Scores on this scale range from 0 to 22.
Crime. Incident-level crime data were provided by the City of Pittsburgh Police Department for the year 2013. Using ArcGIS 10.2 software, we calculated street network distances from each household to approximate crime locations. We then summed the total number of crimes that occurred during 2013 within a 1-km distance for each household. Given high correlations between violent and property crimes (r ¼ 0.90), we computed a single total crime index, which reflects the total number of violent and property crimes within a 1-km radius of each participant household.
Outcome Measures
Bodily Pain. Bodily pain was measured with the pain subscale of the SF-36 [52] . This subscale comprises two questions assessing pain severity and pain-related interference. The first question asked participants to indicate how much bodily pain they have experienced during the past four weeks, with response options including none, very mild, mild, moderate, severe, and very severe. For the second question, participants reported how much pain interfered with their normal work (including work outside the home and housework) over the past four weeks. Response options included not at all, a little bit, moderately, quite a bit, and extremely. Scores were standardized to a scale ranging from 0 to 100. For the purposes of this study, we reverse-scored the scale, such that higher scores indicate more pain (alpha ¼ 0.86).
Mediating Variables
We examined two categories of potential mediators: sleep and psychological distress.
Sleep. Study participants were asked to complete seven days of 24-hour actigraphy monitoring as part of this study. Sleep diary data were used to input bedtimes and waketimes in the algorithm used to process the actigraphy data [53, 54] . Consistent with prior research and to enhance reliability of the sleep outcomes, participants with a minimum of four nights of sleep data were included in the analyses (89% of participants completed four to six nights of actigraphy, 10% completed seven nights of actigraphy). Using these data, we derived two variables, aggregated over total nights of wear. Total sleep time represents the mean number of minutes of sleep per night. Sleep efficiency reflects the average ratio of time spent asleep to time spent in bed. These specific sleep measures were selected given previous research that they are associated with key health outcomes [55, 56] .
Psychological Distress. Psychological distress was measured using the Kessler 6 (K6) [57] , a well-validated self-report measure that assesses general symptoms of distress (e.g., feeling restless or fidgety, feeling worthless). Respondents indicate how frequently they experienced each of six symptoms over the past 30 days, with response options ranging from none of the time to most of the time (alpha ¼ 0.86).
Covariates
Demographic Variables. We included individual-level sociodemographic variables as covariates, including age, gender, marital status, income (i.e., household 
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income, adjusted for number of household members), a binary indicator of whether there were any children living in the household, and level of education.
Neighborhood. As described, the data for this study were collected from two Pittsburgh neighborhoods, as defined by both the city and by neighborhood residents. While Pittsburgh is known as a city of neighborhoods, the boundaries align with natural features and built infrastructure (i.e., roads), as well as census tract boundaries. One of the neighborhoods in this study is currently the target of neighborhood revitalization efforts, including renovation of green space and new housing development. Data for the current analyses were collected before these major renovations took place. However, to adjust for differences between neighborhoods, a binary indicator of neighborhood (Homewood vs Hill District) was included in analyses.
Physical Functioning. We included a measure of physical functioning as a covariate in the model, as pain is often associated with reduced functional abilities, and limited functional abilities may also be associated with neighborhood characteristics and the mediators of interest. Moreover, inclusion of this variable also allowed us to potentially account for concerns related to physical functioning that may be the result of other comorbid conditions. To assess physical functioning, participants completed the physical functioning subscale of the SF-36 [52] , which asks how much participants' health limited their functioning during each of 10 activities (e.g., "doing moderate activities, such as moving a table, pushing a vacuum cleaner, bowling, or playing golf," "climbing one flight of stairs," "walking several blocks").
Responses were made on a three-point scale, with options including limited a lot, limited a little, and not limited. Higher scores indicate better physical functioning (alpha ¼ 0.93).
Data Analysis
Initial analyses were conducted to examine the bivariate association between the covariates, predictors, proposed mediators, and outcome of interest (pain). Next, we were interested in determining whether sleep and psychological distress statistically mediated the significant associations between neighborhood characteristics and bodily pain. To identify our mediation models, we required that there be significant associations between (1) the independent variable (IV; neighborhood characteristic) and the dependent variable (DV; bodily pain); (2) the IV and the proposed mediator (sleep, psychological distress); and (3) the proposed mediator and the DV. Therefore, we conducted a series of adjusted correlations between the neighborhood characteristics, proposed mediators, and pain. These models were adjusted for key covariates (including demographic characteristics, physical functioning, and neighborhood). When examining the adjusted association between each predictor with the proposed mediator, multiple linear regression analyses were used. When pain was the outcome, zero inflated negative binomial models were conducted given the distribution of this variable, which included excessive zeros with right skew (after recoding the variable such that higher scores indicate greater pain). We evaluated the significance of these effects using a bootstrap estimation approach in Stata. To examine the significance of the indirect effect, we conducted the Sobel test [58, 59] using the bootstrapped estimates and standard errors.
Results
Descriptive Characteristics and Associations Between Neighborhood Characteristics and Pain
Approximately 81% of the sample reported experiencing at least some pain. Regarding the proposed mediators, scores on the K6 represent low levels of psychological distress [60] . On average, participants obtained approximately 6.0 hours of sleep per night, and mean sleep efficiency was 80.9%.
Preliminary analyses demonstrated significant bivariate associations between covariates and the predictor, mediator, and outcome variables (Table 2) . Therefore, these covariates were retained for subsequent analyses. In addition, there was evidence for bivariate associations among the neighborhood characteristics, proposed mediators, and pain (Table 3) . However, these correlations were small to moderate in size, and therefore do not raise substantial concerns about multicollinearity in multivariate models.
Controlling for relevant covariates (age, gender, marital status, children in household, income, education, neighborhood, and physical functioning), there was a significant association between perceived infrastructure and pain, and between perceived safety and pain (Table 4) . By contrast, the associations between social cohesion and neighborhood satisfaction with pain were nonsignificant, and neither of the objective neighborhood characteristics (i.e., total crime, walk score) was significantly associated with pain.
Associations Between Neighborhood Characteristics and Potential Mediators
Because perceived infrastructure and perceived safety were the only variables with significant associations with bodily pain, we focused on these variables for the discussion of the remaining analyses. Perceived infrastructure was significantly associated with sleep efficiency, but the associations with total sleep time and psychological distress were not significant. Perceived safety was significantly associated with both sleep efficiency and psychological distress, but not with total sleep time (Table 4) .
Associations Between Potential Mediators and Pain
Controlling for relevant covariates, both sleep efficiency and psychological distress were significantly associated with pain. However, there was no significant association between total sleep time and pain (Table 4) .
Mediation Analyses
Based on the results of preliminary analyses, we tested three models that met the prerequisite requirements for mediation. Table 5 shows the results of the mediation models. Model 1 examined sleep efficiency as a mediator between perceived infrastructure and pain. In this model, sleep efficiency was a significant predictor of pain, though the association of perceived infrastructure with pain remained significant; however, results of the Sobel test indicated that the indirect effect was not sig-
Model 2 examined sleep efficiency as a mediator of the association between perceived safety and pain. Sleep efficiency is a significant predictor of pain, but the effect of perceived safety remained significant, and the Sobel test indicated that the indirect effect of sleep efficiency was not significant (Sobel ¼ À1.435, SE ¼ 0.003,
Finally, Model 3 tested psychological distress as a mediator of the association between perceived safety and pain. In this model, psychological distress was a significant predictor of pain, and the effect of perceived safety was attenuated to marginally significant. The Sobel test indicated that the indirect effect was significant (Sobel ¼ À2.177, SE ¼ 0.001, P ¼ 0.03), which suggests that psychological distress is a significant mediator.
Discussion
This study examined the association between neighborhood characteristics and pain. Although other studies have found that neighborhood disadvantage is associated with greater experiences of pain, these investigations have generally been limited to operationalizing neighborhood disadvantage using measures of neighborhood SES. These studies have also been limited in their efforts to tease apart the mechanisms of this association. The present study addresses these limitations by examining a range of subjective and objective neighborhood characteristics, and by exploring sleep and psychological distress as potential mediators of the association of these characteristics with pain.
Some of the subjective neighborhood characteristics were associated with pain. Specifically, perceived neighborhood infrastructure and perceived safety were associated with reported pain. However, the objective neighborhood characteristics we examined-total crime and walk scores-were not associated with pain. In part, this suggests that it is not necessarily the objective neighborhood infrastructure or crime that contributes to Table 2 Bivariate correlations between covariates and neighborhood characteristics, proposed mediators, and pain 
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pain, but rather the way that residents perceive their neighborhood that affects their experience. This may also be due to the subjective aspects of the experience of pain; those who are less satisfied with their neighborhood may also have more negative perceptions of pain. Nevertheless, these findings are consistent with data from our group and others showing stronger associations between perceived neighborhood characteristics and a variety of health behaviors and health outcomes as compared with objective characteristics [43, 61, 62] .
Total sleep time did not meet the prerequisite criteria for mediating variables, as it was not significantly associated with the predictors of interest or the outcome. In contrast, sleep efficiency was associated with both predictors of interest and with pain in preliminary analyses. However, our analyses suggested that sleep efficiency is not a significant mediator. These results suggest that sleep efficiency plays a more independent role in individuals' ratings of pain. This is perhaps unsurprising, given prior research demonstrating a reciprocal association between pain and sleep [29] .
Participants in this sample reported fairly low levels of psychological distress, although this is consistent with research administering the K6 in community samples [63, 64] , as well as research related to reporting of affective vs somatic symptoms of distress in African American populations [65] . Although there were overall low levels of psychological distress, psychological distress did meet the prerequisite criteria for mediation in the relationship between perceived safety and pain, and its addition to the regression models attenuated the effect of perceived safety to nonsignificance. In addition, the results of Sobel testing demonstrated a significant indirect effect, providing support that psychological distress mediates the association between perceived safety and pain. It may be that those who are less satisfied with their neighborhood infrastructure and perceive their neighborhoods as more unsafe experience greater psychological distress; in turn, this results in increased reports of pain. However, these hypotheses can only be definitively tested in future studies with more rigorous designs (e.g., a longitudinal design). These findings may also reflect common method variance, as all of these measures are self-reported. These findings may inform interventions with this at-risk population. Because sleep efficiency is an independent predictor of pain, interventions that improve sleep have the potential to improve individuals' experiences of pain severity and interference. Neighborhood-level interventions or improvements may be one way to address sleep; however, making individual-level sleep interventions (e.g., Cognitive Behavioral Therapy for insomnia) available to this population may be another effective option. It is also important to consider the other experiences that are common in at-risk populations (e.g., acute stressors, trauma) [30] [31] [32] 66, 67] -and that also may disrupt sleep [68] and therefore exacerbate pain-and the interventions that can address these alternative etiological pathways.
These findings also suggest that improving residents' perceptions of their neighborhoods may help to alleviate the psychological distress experienced by residents. To some extent, objective neighborhood improvements or fostering safety may be one intervention option. For example, reducing objective levels of crime may increase perceptions of safety; in turn, residents may experience less psychological distress, resulting in a positive impact on pain. However, objective measures of crime are not necessarily strongly associated with resident perceptions of safety [69] . Alternatively, efforts such as fostering neighborhood cohesion may have a positive impact on perceptions of safety and reduce feelings of distress [21, 70] . It is also interesting to consider the effect of interventions designed to target the proposed mediators. For example, a neighborhood-level sleep intervention (e.g., evening noise and light abatement, education) could have a positive impact on both safety and distress. Moreover, alleviating pain may in turn have a reciprocal influence on distress and sleep.
This study has certain limitations. First, results were based on cross-sectional data, which precludes causal conclusions about the directions of these relationships. Individuals who experience greater levels of distress may be more likely to have negative perceptions of their neighborhood, which then influences pain. However, from a theoretical perspective, sleep and psychological distress are more likely to serve as the mediating variables, particularly given their well-established association with pain. In addition, the sample included in this study was largely female and African American and represented a somewhat older population. Therefore, the extent to which this generalizes to other disadvantaged groups may be limited. The demographic characteristics of our sample also precluded us from examining racial differences in the impact of neighborhood characteristics. Finally, our pain rating was limited to the SF-36 This study also has a number of methodological strengths. Rather than focusing on single, higher-level measures of neighborhood disadvantage (e.g., neighborhood SES), this study attempted to disentangle the effects of a number of objective and subjective neighborhood features. A better understanding of the individual neighborhood features that contribute to pain-and the mechanisms by which they exert their influencewould provide more opportunities for intervention. Another key strength is the use of objective rather than subjective measures of sleep, which increases our confidence that our mediators are tapping conceptually distinct constructs and not simply reflecting common methods. In addition, racially and ethnically diverse populations from disadvantaged populations experience pain-related disparities [4-6] and higher rates of health disparities more generally [71] [72] [73] [74] . Therefore, this study is part of a critical effort to understand ways to address and reduce these disparities. Finally, the use of a probability sampling strategy is a key strength compared with previous studies, many of which have used retrospective clinical data to investigate these associations.
Pain has a significant impact on health, quality of life, and well-being [75] [76] [77] [78] . Therefore, an understanding of the factors that contribute to pain is critical, especially among populations at risk for experiencing healthrelated disparities. Pain is often approached as an individual-level symptom, and these analyses emphasize that there are social and contextual determinants of pain as well, suggesting that community-level interventions deserve further attention. 
